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The  purpose  of  this  study  is  to compare  the  P205 recovery  of two  phosphate  rocks  obtained  by sulfuric
acid  attack.  These  phosphate  rocks  with  different  chemical  composition,  are extracted  from  the  same
deposit  (Djebel  Onk,  Algeria).  Experience  shows  that,  for the  two  phosphate  rocks,  the  reaction  is  faster
during  the  ﬁrst  20 min.  For  both  phosphates,  the P205 recovery  remains  almost  stable  after  40  min  of
reaction.  But  when  the  phosphates  are  attacked  by  70 wt%  of concentrated  H2SO4, this  rate  is about  96%.
By  optimizing  the  reaction  parameters,  we managed  to get a  high  decomposition  of  phosphates.  There-
fore,  the maximum  P205 recovery  are,  respectively,  96.19%  for the ﬁrst  phosphate  (65.38%  BPL) and  94.46%
for  the  second  phosphate  (53.75%  BPL).  These  maximum  values  are  obtained  when  the  following  param-
eters  are  used:  (1)  Sulfuric  acid concentration:  96 wt%;  (2)  Reaction  time:50  min;  (3)  Stirring  speed:hosphoric acid
article size
200  rpm;  (4)  Phosphate  particle  size:  88  m  (−170  mesh).
The  production  of  phosphoric  acid or the  SSP  (single  superphosphate)  requires  prior  knowledge  of  the
effect  of  some  parameters  on  the performance  of  the  reaction;  hence,  the  importance  of this  work  for
the fertilizer  industry  as  it helps  to have  an  idea  about  the  behavior  of  this  type  of phosphate  rock  at  its
dissolution  by sulfuric  acid.
©  2015  The  Authors.  Published  by  Elsevier  B.V. This  is  an  open  access  article  under  the  CC  BY-NC-ND. Introduction
Phosphates are necessary elements in the fertilizers used to sup-
ly food and feed human beings. Actually in the world, there is no
lternative to phosphate rocks as a raw material to produce phos-
hate fertilizer. However, the demand for phosphate increases as
he world population increases. It is important to note that healthy
nimals and human beings also require adequate amounts of phos-
horus in their food for normal metabolic processes (FAO, 1984,
995).
Even normal soils with intermediate fertility have 0.4–1.2 g of
hosphorous per kilo gram of soil. About 95–98% of this phos-
horous is in the metallic chelates form and is insoluble therefore
ifﬁcult to utilize (Annamaria and Yagil, 1994). Thus, almost all
oils used for agricultural purposes are fertilized with elements
ontaining soluble phosphorous (Melissa et al., 2006).
In the fertilizers industry, the phosphate rocks content is usually
xpressed as tricalcium phosphate and traditionally referred to as
one phosphate of lime (% P2O5 × 2.1853 = % BPL). The latter term
s reminiscent of the time when bones were the principal source of
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/).license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
phosphate in the fertilizer industry. Manufacturers of phosphoric
acid and phosphorus fertilizers normally require a minimum con-
tent of 28% P2O5, and most marketed grades of phosphate rocks
contain more than 30% of P2O5 (65% BPL). To meet this requirement,
most phosphate ores undergo beneﬁciation by washing and screen-
ing, de-liming, magnetic separation and ﬂotation (Mahdi et al.,
2010).
Phosphate ores contain one or more phosphate minerals suit-
able for commercial use, such as ﬂuorapatite (3Ca3(PO4)2·CaF2).
Hence, the mineralogy of phosphorus rich rocks is complex
and there are more than 200 known phosphate minerals (IAEA,
2004). Phosphate ores are divided into three groups according to
their P2O5 content: low-grade ores (12–16% P2O5), intermediate-
grade ores (17–25% P2O5), and high-grade ores (26–35% P2O5).
Deposits that could be mined and processed economically to give
about 28–38% P2O5 are considered commercial phosphate deposits
(Sengul et al., 2006).
Phosphate rocks are complex raw materials and mainly used in
the production of phosphate fertilizers. The composition of these
rocks varies from one deposit to another. Therefore, phosphate
rocks from different sources are expected to behave differently in
acidulation process (Ashraf et al., 2005). Phosphate composition
affects also the quality of ﬁnal products and the solubility is related
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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Table 1
Chemical composition Djebel Onk phosphate rocks.
Chemical compound Phosphate 65.38% BPL Phosphate 53.75% BPL
wt (%) wt (%)
P2O5 29.80 24.60
CO2 6.40 11.15
CaO 49.50 45.18
MgO  0.85 4.20
Na2O 1.10 1.20
K2O 0.09 0.10
Fe2O3 0.33 0.38
Al2O3 0.38 0.32
SO3 2.30 2.50
SiO2 2.50 3.00
F− 3.55 3.20M.  Lassis et al. / Environmental Nanotechno
losely to the CO3:PO4 ratio of apatite but not to the total P2O5
ontent (Rajan et al., 1996).
The reaction between phosphate rocks and acids depends on
everal factors such as chemical and mineralogical composition of
hosphate, speciﬁc surface area, and ratio of acid–rock and speed
f agitation (Calamnovici and Giulietti, 1990). Several studies on
hosphate rocks dissolution by nitric acid shows that the solubility
s very high and this process avoids the formation of phosphogyp-
um, but it does not give the possibility to produce the phosphoric
cid (Olanipekun, 2003; Mizane et al., 1996; Abdel-Aal and Amer,
995). However, phosphate rocks decomposition by sulfuric acid
emains the most widely used method (Sinirkaya et al., 2014;
MPHOS, 2004) and over 90% phosphoric acid produced worldwide
s manufactured by digestion of phosphate rocks with sulfuric acid
Calmanovici et al., 1997).
The phosphate rocks are decomposed by sulfuric acid in the
anufacturing units of phosphate fertilizers according to the fol-
owing reaction (Becker, 1989):
CaF2·3Ca3(PO4)2 + 10H2SO4 + 20H2O
→ 10CaSO4·2H2O + 6H3PO4 + 2HF (1)
Various studies (Chien, 1998; Hammond and Leon, 1983; Leon
t al., 1986) showed that the decomposition of phosphate rocks is
igniﬁcantly affected by his chemical composition.
Djebel Onk phosphates, used in the experiments, is a ﬂuorap-
tite and is characterized by a granular appearance, often an organic
diatoms and radiolarians), with particle size belongs most often
o the arenites class (grains <2 mm),  rarely to rudite class (sedi-
entary clastic rock with a grain >2 mm).  This phosphate rock has
 high substitution of CO3 (CaO/P2O5 = 1.75–1.90) and generally
s low in silica and in iron (Mizane and Rehamnia, 2012). From
he literature and research we carried out on Djebel Onk phos-
hates it can be concluded that only few investigations and studies
ere conducted on these phosphates despite their high quality
24–28% P2O5) (Chernoff and Orris, 2002; USGS, 2003) and impor-
ant reserves (about 2 billions of tons) (USGS, 2011). Neither less,
ome works conducted on Djebel Onk phosphate rocks can be cited
uch as phosphate attack by nitric acid (Mizane et al., 1996), sol-
bility tests carried out (Chien, 1998) in order to use phosphates
irectly as fertilizers and tests conducted on three type of plants
ith Djebel Onk commercial natural phosphate (Rahmoune et al.,
004).
In addition to the previous works we realized a comparison
f phosphate nitric and sulfuric attack (Mizane and Louhi, 2007),
he effect of phosphate calcinations on their dissolution by sulfuric
cid (Mizane and Louhi, 2008) and the study on phosphates partial
issolution (Mizane and Rehamnia, 2012). The main objective of
he present work is to compare the dissolution by sulfuric acid of
wo phosphate rocks (65.38% BPL and 53.75% BPL) with different
omposition as shown in Table 1.
. Material and methods
Phosphate samples mentioned in Table 1 were provided by the
lgerian phosphate company (FERPHOS). The analyses were carried
ut by the company using the following analytical methods:
 P2O5 is determined spectrophotometrically by “TECHNICON
AUTO ANALYZER”
 (CaO, MgO, and Al2O3) by calibration with a standard solution of
EDTA,
 (Na2O and K2O) by ﬂame spectrophotometer,
 Total CO2 by heating at temperature 1000 ◦C,
 Organic matters (organic C) by heating at a temperature of 700 ◦C,Cl− 250(ppm) 350
Organic matters (organic C) 3.00 3.80
- SiO2 by weight analysis, Fe2O3 spectrophotometrically by mea-
suring the color density of the red complex of iron ions with
thiocyanate ions at a wavelength of 420 nm,
- Chloride and Fluoride by spectrophotometric method.
2.1. Samples preparation
The following sieves were used to collect phosphate sam-
ples: 170 mesh, 80 mesh, 70 mesh, 60 mesh, 45 mesh and 35 mesh.
The particles passed through these respective sieves are: 88 m,
177 m,  210 m,  250 m,  354 m and 500 m.  The test samples
are dried in an electric oven at 110 ◦C, cooled to room temperature
and stored in desiccators.
2.2. Description of the experiments
All reactions were carried out in a 500 ml  cylinder glass reactor
(inner diameter of 7 cm)  at atmospheric pressure. For each test,
100 g of phosphate sample was  mixed, in an agitated reactor, with
sulfuric acid in stoichiometric proportions. Stirring is performed by
means of a mechanical agitator in order to accelerate the transfer
of matter between the different phases. The stoichiometric amount
of sulfuric acid is calculated from the following reaction:
Ca3(PO4)2 + 3H2SO4 → 2H3PO4 + 3CaSO4 (2)
Because Ca3(PO4)2 represents tricalcium phosphate or BPL.
When reacting a sample of 100 g of the 65.38% BPL phosphate, it
will contain 100 × 65.38/100 = 65.38 g of Ca3 (PO4)2. It is necessary
to add 25% more of this acid to the corresponding stechiométric
amount of acid, because the sulfuric acid also reacts with other
impurities contained in the phosphate.
At the end of each experiment, the reactor is placed rapidly in a
bath of ice, to stop the reaction, and all the reactor contents were
then ﬁltered off using a Buchner ﬁlter. The ﬁltration is performed
by a vacuum pump.
2.3. Determination of the P2O5 recovery
A 5 ml aliquot part of the ﬁltrate is transferred to a 50 ml vol-
umetric ﬂask. After ﬁlling up to the mark with water, the P2O5
amount in solution is determined spectrometrically by UV/Vis
spectrophotometer PerkinElmer using molybdovanadate spec-
trophotometric method. The P2O5 recovery was  calculated by the
following equation:
%P2O5 amount =
dissolvedP2O5 amount
totalP2O5 amount in phosphate rock
× 100
14 M.  Lassis et al. / Environmental Nanotechnology, Monitoring & Management 4 (2015) 12–16
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pig. 1. Effect of reaction time and sulfuric acid concentration on P2O5 recovery from
hosphate 65.38% BPL.
.4. Determination of reaction parameters
.4.1. Effect of the concentration of H2SO4
To study the effect of the concentration of H2SO4 on the dissolu-
ion of phosphate at different times, preliminary experiments are
onducted (blank test). First, concentrated sulfuric acid (96 wt%)
as reacted with different fractions of phosphate particles by set-
ing the reaction time at 30 min  and the stirring speed at 200 rpm.
t was found that the % P2O5 recovery of phosphate having 88 m
xceeds 90%. So we chose these conditions to perform the experi-
ents at different concentrations and at different reaction times.
.4.2. Effect of particle size of phosphate
Preliminary experiments carried out according the following
arameters:
 Concentration of sulfuric acid: 96 wt%,
 Reaction time: 50 min.
These parameters have allowed us to ﬁnd the highest % P2O5
ecovery, and they were selected to study the reaction with differ-
nt phosphate particles.
.4.3. Effect of stirring speed
The stirring speed effect was subsequently studied at the condi-
ions giving the highest % P2O5 recovery in the previous preliminary
xperiment, namely:
 particle size of phosphate: 88 m (−170 mesh)
 sulfuric acid concentration: 96 wt%
 reaction time: 50 min.
. Results and discussion
A number of experiments were carried out in order to follow,
n terms of P2O5 recovery, the effect of the following parameters
n the dissolution of the two phosphate rocks by H2SO4: reaction
ime, concentration of sulfuric acid, particle size of phosphate rocks
nd stirring speed.
.1. Effect of reaction time
Figs. 1 and 2 show the results of the reactions carried out
etween the two phosphate rocks and H2SO4 at different concen-
rations. Each reaction was carried out for a ﬁxed time: 5; 10; 20;
0; 40 and 50 min. It can be noted that regardless the type of phos-
hate, when using more concentrated sulfuric acid (80 wt% andFig. 2. Effect of reaction time and sulfuric acid concentration on P2O5 recovery from
phosphate 53.75% BPL.
96 wt%), the reaction is faster during ﬁrst ten minutes. It is also
observed that in the interval 10–30 min, the P2O5 recovery increase
almost linearly as a function of time when using concentrated acids.
But for less concentrated acids (50 wt% and 70 wt %), this increase
was slower during the period between 10 and 20 min. These curves
show that regardless the acid concentration and the quality of phos-
phate rocks, the recovery P2O5 increases very slowly during the
interval 30–40 min.
When the reaction is carried out beyond 40 min, the P2O5 recov-
ery remains quite similar. However, the maximum P2O5 recovery
(96.19%) was obtained by conducting the reaction between acid
96 wt% and phosphate 65.38% BPL for 50 min. It can be deduced
that for the two phosphates, P2O5 recovery increases with time;
but beyond 40 min, the gain of P2O5 soluble is insigniﬁcant.
3.2. Effect of the concentration of sulfuric acid
The effect of the concentration of sulfuric acid on the P2O5 recov-
ery was  carried out under the parameters previously determined
in preliminary experiments (Section 2.4.1). These parameters are:
- Stirring speed 200 rpm,
- Particle size of phosphate rocks 88 m (−170 mesh)
Figs. 1 and 2 clearly show that the P2O5 recovery increases with
the concentration of H2SO4. For the two phosphates, this increase
is almost uniform when the acid has a concentration of 80 wt% or
96 wt%. However, the P2O5 recovery grows rapidly by about 12% if
the concentration of the acid is increased from 70 to 80 wt%; in con-
trast, when increasing the acid concentration from 50% to 70 wt%,
the P2O5 recovery is only 4%.
These two ﬁgures show also that regardless the selected phos-
phate (65.38% BPL or 53.75% BPL), the dissolution by concentrated
sulfuric acid over 80 wt% provides higher P2O5 recovery. Indeed,
when using concentrated sulfuric acid 96 wt%, the maximum of
the P2O5 recovery obtained is 96.19% and 94.46%, respectively, for
phosphates 65.38% BPL and 53.75% BPL.
It is observed from these ﬁgures that the curves obtained at
50 wt% and 70 wt% concentrations have a ‘jump’ between 20 and
30 min  of reaction. This is probably due to the existence of suc-
cessive reactions between the phosphate and H2SO4 (Reaction (1))
and between phosphoric acid formed during the same reaction and
unreacted phosphate rock (Reactions (3a) and (3b)) (Abu-Eishah
and Abu-Jabal, 2001; Chaabouni et al., 2013) as illustrated below:Ca10(PO4)6F2 + 4H3PO4 → 10CaHPO4 + 2HF (3a)
Ca10(PO4)6F2 + 14H3PO4 → 10Ca(H2PO4)2 + 2HF (3b)
M.  Lassis et al. / Environmental Nanotechnology, Monitoring & Management 4 (2015) 12–16 15
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Indeed, during the manufacture of H3PO4 by the dihydrate pro-
ess, the “cake” of gypsum (CaSO4·2H2O) is washed with recycled
hosphoric acid to increase the concentration of the ﬁnal prod-
ct (PRAYON PROCESS, 2012). In our experience, phosphoric acid
ormed in the ﬁrst reaction was not withdrawn from the reactor.
o, it ﬁnally reacted with the remaining phosphate rock, which
xplains this signiﬁcant increase of P2O5 recovery.
.3. Effect of particle size of phosphate
The effect of phosphate rock particles size on the P2O5 recovery
as studied for the different fractions: 88 m,  177 m,  210 m,
50 m,  350 m and 500 m.  Experiments are conducted under
he conditions determined during preliminary tests, namely:
 stirring speed: 200 rpm;
 Concentration of H2SO4: 96% wt;
 Reaction time: 50 min.
Fig. 3 shows that, for the two phosphates, the P2O5 recov-
ry decreases when using the phosphates with larger particles.
his decrease is less signiﬁcant with phosphates having 210 m
nd more. In all cases, phosphates having particle size lower than
77 m give the best P2O5 recovery. However, this recovery of
hosphate richer in phosphorus (65.38% BPL) is about 8% higher
han phosphate 53.75% BPL. The maximum P2O5 recovery (96.14%)
s obtained with phosphate 65.38% BPL passed through the sieve
70 mesh (88 m).
.4. Effect of stirring speed
Stirring speed effect on the phosphate rocks dissolution by sul-
uric acid was studied for the different stirring speed: 100, 200,
00, 600 and 800 rpm. However, the other parameters were ﬁxed at
6 wt% sulfuric acid concentration, particle size 88 m and reaction
ime 50 min. The experimental results given in Fig. 4 showed that,
or the two phosphates, P2O5 recovery decreases slightly at speeds
etween 100 and 400 rpm. When increasing the stirring speed more
han 400 rpm, P2O5 recovery hardly change, this indicates that the
issolution process does not seem to be controlled by mass transfer
hrough the liquid ﬁlm.
. Conclusion
In this experimental investigation, the factors that might affect
he decomposition by sulfuric acid of two phosphate rocks have
een studied. The samples were taken from the mine Djebel Onk
Algeria) are, respectively, composed of 29.80% P2O5 (65.38% BPL)
nd 24.60% P2O5 (53.75.38% BPL). The following conclusions can be
rawn:Fig. 4. Effect of stirring speed on P2O5 recovery.
• For the two phosphate rocks, the reaction is faster during the
ﬁrst ten minutes and between 10 and 30 min, the P2O5 recovery
increase almost linearly as a function of time, but after 40 min,
the reaction comes almost to an end.
• The use of concentrated sulfuric acid at more than 70 wt  %
increases substantially the P2O5 recovery. The attack of phos-
phate by 96 wt%  concentrated acid provides maximums of P2O5
recovery. Thus, these maximums are, respectively, 96.19% for
phosphate rock 65.38% BPL and 94.46% for phosphate rock 65.38%
BPL.
• Phosphate rocks having particle between 88 m and177 m give
the best P2O5 recovery. However, the recovery of phosphate
richer in phosphorus (65.38% BPL) is about 8% higher than 53.75%
BPL phosphate.
• The study of the inﬂuence of stirring speed showed that the dis-
solution of phosphate rocks by sulfuric acid does not seem to be
controlled by mass transfer through the liquid ﬁlm.
To conﬁrm these optimum parameters, it is recommended to
test this phosphate rock (65.38% BPL) in a pilot plant.
Conﬂicts of interest
The authors declare that there is no conﬂict of interest.
Acknowledgements
The authors gratefully acknowledge the ﬁnancial support of
Directorate General of Scientiﬁc Research and Technological Devel-
opment (Algeria).
References
Abdel-Aal, E.A., Amer, A.M., 1995. Evaluation of Sebaiya-West phosphate
concentrate for nitrophosphate fertilizer production. Miner. Eng. 8 (10),
1221–1230, http://dx.doi.org/10.1016/0892-6875(95)86-6
Abu-Eishah, S.I., Abu-Jabal, N.M., 2001. Parametric study on the production of
phosphoric acid by the dihydrate process. Chem. Eng. J. 81, 231–250, http://dx.
doi.org/10.1016/S1385-8947(00)166-2
Annamaria, T.G., Yagil, E., 1994. Phosphate in Microorganisms Cellular and
Molecular Biology. ASME Press, pp. 197–203.
Ashraf, M.,  Iqbal Zafar, Z., Ansari, T., 2005. Selective leaching kinetics and upgrading
of  low-grade calcareous phosphate rock in succinic acid. Hydrometallurgy 80,
286–292, http://dx.doi.org/10.1016/j.hydromet.2005.09.001
Becker, P., 1989. Phosphates and Phosphoric Acid, vol. 6. Fertiliser Science and
Technology Series Marcel Dekker, New York.
Calmanovici, C.E., Gilot, B., Laguérie, C., 1997. Mechanism and kinetics for the
dissolution of apatitic materials in acid solutions. Braz. J. Chem. Eng. 14 (2)
http://dx.doi.org/10.1590/S0104-66321997000200001
Calamnovici, C.E., Giulietti, M.,  1990. Technological aptitude of some Brazilian
phosphate rock for acid. Ind. Eng. Chem. Res. 29, 482–488, http://dx.doi.org/10.
1021/ie00099a028
Chaabouni, A., Chtara, C., Nzihouc, A., El Feki, H., 2013. Kinetic study of the
dissolution of Tunisian natural phosphate or francolite in industrial phosphoric
acid. J. Adv. Chem. 6 (1).
1 logy, M
C
C
F
F
H
I
I
L
M
M
M
2014.19484
USGS. United States Geological Survey, 2003. Minerals yearbook. Metals and6 M.  Lassis et al. / Environmental Nanotechno
hernoff, C.B., Orris, G.J., 2002. Data Set of World Phosphate Mines, Deposits, and
Occurrences Part A: Geologic Data, Open-File Rep. 02-156-A. United States
Geological Survey, Reston, VA.
hien, S.H., 1998. Evaluation of Gafsa (Tunisia) and Djebel Onk (Algeria) phosphate
rocks and soil testing of phosphate rock for direct application. In: Johnston,
A.E., Syers, J.K. (Eds.), Nutrient Management for Sustainable Food Production in
Asia, Proc. IMPHOS-AARD/CSAR. Wallingford, UK, CAB International, pp.
175–185.
AO, 1995. Integrated plant nutrition systems. In: Dudal, R., Roy, R.N. (Eds.), FAO
Fertilizer and Plant Nutrition Bulletin No. 12. FAO, Rome.
AO, 1984. Fertilizer and plant nutrition guide. In: FAO Fertilizer and Plant
Nutrition Bulletin No. 9. FAO, Rome.
ammond, L.L., Leon, L.A., 1983. Agronomic effectiveness of natural and altered
phosphate rocks from Latin America. In: IMPHOS (Ed.), 3rd International
Congress on Phosphorus Compounds. Brussels, pp. 503–518.
AEA, 2004. International Labour Ofﬁce, Occupational Radiation Protection in the
Mining and Processing of Raw Materials. IAEA Safety Standards Series No.
RS-G-1.6, IAEA, Vienna.
nstitut Mondial du Phosphate, 2004. www.imphos.org, rapport annuel.
eon, L.A., Fenster, W.E., Hammond, L.L., 1986. Agronomic potential of eleven
phosphate rocks from Brazil, Colombia, Peru, and Venezuela. Soil Sci. Soc. Am.
J.  50 (3), 798–802, http://dx.doi.org/10.2136/sssaj1986.
03615995005000030046x
ahdi, G., Mehdi, I., Mohammad, N., 2010. A review of the beneﬁciation of
calcareous phosphate ores using organic acid leaching. Hydrometallurgy 103,
96–107, http://dx.doi.org/10.1016/j.hydromet.2010.03.002
elissa, M.,  Arcand, K., Schneider, D., 2006. Plant and microbial based mechanisms
to  improve the agronomic effectiveness of phosphate rock: a review. Ann. Braz.
Acad. Sci. 78, 791–807.
izane, A., Rehamnia, R., 2012. Study of some parameters to obtain the P2O5
water-soluble from partially acidulated phosphate rocks (PAPRs) by sulfuric
acid. Phosphorus Res. Bull. 27, 18–22 http://dx.doi.org/10.3363/prb.27.18onitoring & Management 4 (2015) 12–16
Mizane, A., Louhi, A., 2007. Comparative study of dissolution of phosphate rock by
the  nitric acid and sulfuric acid. J. Eng. Appl. Sci. 2 (6),
1016–1019.
Mizane, A., Louhi, A., 2008. Calcination effects on sulfuric dissolution of phosphate
extracted from Djebel Onk mine (Algéria). Asian J. Chem. 20 (1),
711–717.
Mizane, A., Samar, M.H., Allal, K.M., 1996. Etude de la cinétique de décomposition
des phosphates de Djebel Onk par l’acide nitrique. Bull. Soc. Chi. Belg. 105 (1),
http://dx.doi.org/10.1002/bscb.19961050104
Olanipekun, E.O., 2003. Kinetics of acidulation reaction in nitrophosphate process.
Int. J. Miner. Process. 69, 1–9.
PRAYON PROCESS for phosphoric acid production, 2012. www.prayon.com/./
prayon-brochure-PRT-2012.pdf
Rahmoune, C., Maâlem, S., Bennaceur, M.,  2004. Etude comparative de rendement
en  matière sèche et en matière azotée de 3 espéces de plantes steppiques.
Séminaire ‘Agriculture Pluviale Mediterranéénne, Zaragoza’, Publications du
CIHEAM-IAMZ, 219–221.
Rajan, S.S.S., Watkinson, J.H., Sinclair, A.G., 1996. Phosphate rock for direct
application to soils. Adv. Agron. 57, 78–159.
Sengul, H., Ozer, A.K., Gulaboglu, M.S., 2006. Beneﬁcation of Mardin Mazidagi
Calcareous phosphate rock using dilute acetic acid solutions. Chem. Eng. J. 122,
135–140, http://dx.doi.org/10.1016/j.cej.2006.06.005
Sinirkaya, M.,  Özer, A.K., Gülabog˘lu, M.S., 2014. Investigation of the solubilities of
sulfated and ground phosphate rock after sulfation in H2SO4 solution.
Pamukkale Univ. J. Eng. Sci. 20 (7), 253–257, http://dx.doi.org/10.5505/pajes.Minerals, vol. I. USGS, Reston, VA.
USGS, 2011. Mineral Commodity Summaries January. USGS, Washington, DC, pp.
119  http://minerals.usgs.gov/minerals/pubs/mcs/2010/mcs2010.pdf
